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This  MMorandun  describes  instmsentatioa  developed  bj  Cede 
2322  for  the  moasuroRent  of  lo«r*freqiienc7  ambient  ocean  noise* 

This  memorandtsM  has  been  prepared  because  it  is  believed  that 
certain  features  of  the  instrimcntation  and  techniques  may  be  use- 
ful to  others  working  in  allied  fields  at  the  U.  S.  Navy  Electronics 
Laboratoiy,  and  onlj  SMill  distribution  outside  of  the  Laboratorj 
is  contemplated.  This  memorandum  should  not  be  construed  as  a 
report  as  its  only  function  is  to  present  for  the  information  of 
otiiers  a portion  of  the  work  being  done  on  the  ambient  noise 


Some  of  the  features  believed  to  be  of  general  interest  are 
the  use  of  transistorised  electronics  and  the  use  of  lightweight 
easily  handled  deep  sea  equipment. 
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Kttters  of  tte  Kols*  aad  Exploratory  Stndlaa  Sranoh»  along  idth 
otiiors  at  thia  laboratory  and  elM«iiera»  bare  in  recant  year#  exhibited 
ooneiderable  interest  in  loifofreqaency  silent  ao^  in  the  ocean.  Ita 
particular  the  regioa  beloir  1*000  cycles  par  aeeood  has  bean  of  Intereat* 

The  absolute  leede*  the  apectron*  directionality*  space  corrslatioa* 
dietribution  of  aaqslitudee*  and  the  effect  of  natural  sad  ■■n»aade 
paraaetera  en  these  quantities  hare  been  of  interest.  The  Uboratofy 
was  not  able  before  aid  1954*  hoserer*  to  engage  in  any  aeasnrenent 
progran  designed  to  answer  these  queetions* 

Inforaation  on  the  lott'-frequency  end  of  the  audio  frequency  epoc~ 
true  is  of  interest  as  bo^  passive  and  actire  sonar  egniiseent  operating 
freqnsnciee  are  being  p^educad  in  efforts  to  improve  range*  In  past 

years  this  Laboratory  and  others  have  gained  some  iafosmtion  d>oUt  ^ 
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noise  in  this  region*  Usually*  however*  it  has  coaM  ha  a eida  reeulq 
in  other  programs  such  as  propagation*  snbisarins  nqiee*  geophyuloal  er 
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Sofar  studies. 

Some  East  Coast  laboratorise  have  recently  engaged  in  stndiee  in 
the  region  of  interest.  The  work  at  Coliabia  Oniweraity's  Radeon  Inbo- 
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rs'irtdee  jgad  at  the  Bell  Telephone  Laboretories*  Inq.  has  been  note- 
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worthy.  Reports  of  the  Hudson  laboratories  hatvf  refsaled  inetnwentn- 
tidn  methods  wHidi  were  satisfactory  for  their  teek'and  ours*  end  thebe 
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1.  Coluid>la  UhiTorsily*  Hudson  Laboretories*  Project  MIOHABL*  Vechnloal 
Report  No.  19*  "Investigation  of  Ocean  Anbiant  Noise  at  Low  PTaquencisai 
Part  I*  Inatrunantatlon  and  Analytic  Methods"*  by  A.  J*  Saur  and  A. 
Benoan.  15  Februaiy'  1954.  (Confidential). 
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Mtfacda  here  influenead  our  instroMntAtlQD  to  * oonaidarakla  •xttnt. 


IHK  PROBLKM 


Aa  loag  AS  oa«  is  iaterssted  onljr  ia  Bssiviaf  sniiil  imt  noiae 
elaaa  to  ahora  ia  ataallov  vatar  the  tpptoaOi  naasUj  iarolras  wiag 
A bett OS'  MooBted  hjdro|4ioQe  and  a virs  or  vlro^radio  to  fh» 
aonitoriaf  atAtlon*  l^ls  nothod  ia  uaof^  In  BSAsarii^  prasaotB 
flaetaatiens  of  as  lov  as  tidal  frsqosney* 

Mnb  odo  ia  Interostad  la  neasardnant  far  fMn  ahora  ia  ds^ 

A difforeat  systea  la  naedad  sad  seroral  raqairoBonta  aaat  ba 
aat.  Tha  Bsaitarlnc  station  (prsavaablj  dilp  or  airoraft)  aaat  radiate 
ao  noise  which  vouU  be  picked  op  by  tha  hydeophena.  BqwUj  lavortaat, 
hydrophena  anst  be  aotlonlaaa  with  raapeot  to  the  aster  as  aetica 
will  introduce  false  slffials  into  a loa^freqasa^  syatsa  ia  a andber 
of  ways*  The  faydroidione  anst*  theraf<ire»  be  laOlatei  fMa  snrfaee 
and  aonitoflng  plstfom  notion.  If  a ecmectli^  oabla.is  used  It  — 
transmit  no  motion  to  the  hydrophone  doling  SMasoresieat  poiiods.  * 

r 

Other  conslderatioas  lad odo  statio  pressure  sad  teaperatars  effsets 
on  the  hydrophone  and  adequate  slgnal-to-noiee  ratios  in  tha  qaiatsat 


Pifara  1 la  a block  diagraa  of  the  prssont  ’instrvssatstioa.  ^ 
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varUeal  dotted  lino  separstss  tha  ahlpboaid  coaponaata  from  tboaa  la 
the  water.  Tha  blocka  shown  are  for  tha  aoat  part  pli«-in  ■nbaaiartllaa 


Th«  purpose  of  using  plug>in  units  of  a few  standardised  types  is  to 
reduce  equipnent  "down  tine*'  at  sea  with  a minisms  of  spare  parts. 

Tlte  system  has  been  designed  to  obtain  recordings  of  ambiient 
ocean  noise  in  the  frequency  range  of  1 to  IfOOO  cps  and  at  hydrophone 
do))ths  up  to  4«000  feet  in  all  sea  states* 

PoUowlng  the  experience  of  the  Hudson  Laboratories  it  was 
decided  that  an  approximately  neutrally  buoyant  hydrophone  connected 
by  a long  slack  cable  to  a monitoring  ship  should  be  used.  Since  the 
hydrophone  assembly  was  to  be  neutral  in  the  water  it  would  be  essetr* 
tially  notionle.ss  nrowided  the  cable  did  not  cause  it  to  swre  due  to 
strface  m'^tion  trananltted  down  the  cable  or  due  to  the  %rei^t  of  the 
cable.  Hence  a slacks  neutrally  buoyant  cable  was  investigated*  i 
two-conductor  cable  made  neutral  by  the  use  of  a considerable  aaionat 
of  polyethylene  Jacketing  (specific  gravity  s .92)  could  be  obtained 
St  a cost  of  about  $100  per  thousand  feet.  The  cable  outside  diasmter 
was  .32  inches  and  tiie  breaking  strength  was  300  pounds. 

While  this  was  being  considered^  the  success  of  the  Hudson  Labo- 
ratories in  using  a smaller  b.  Aniiy  Signal  Corps  field  cable  came 
to  our  attention.  This  is  a twisted  pair  of  \d.res,  individually 
covered  in  polyethylene  with  a nylon  jacket.  Bach  conductor  consists 
of  seven  strands  of  .011  inch  wire*  four  strands  being  copper  and  three 
strands  being  steel.  Each  jacketed  conductor  has  an  overall  diameter 
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of  .088  Inches  and  the  twisted  pair  has  a breaking  strength  of  200 
pounds.  Tiie  cable  cost  is  about  $13  per  thousand-foot  pair  and  is 
available  under  I'.  S.  Navy  Stock  Niiabor  GX-15-C-39125.  The  cable  in 


•«a  iMiter  weight  only  about  four  pounde  por  1«000  foot.  Ccnpared  wltli 
the  neutral  cable  discussed  above  it  is  such  cfaeapMr^  mie  flexiblo» 
occupies  less  Toltsae»  is  easier  to  splice  and  does  not  rsqnire  a level- 
winding  vlnoh.  On  deck  It  is  lifter;  10>000  feet  can  easily  be  hand- 
carried  onboard  on  a portable  reel  wlndi.  Hence  a ship's  windi  Is  not 
needed  and  flexibility  in  the  choice  of  ships  is  achieved.  The  asudl 
weight  of  the  cable  In  water  is  believed  to  be  no  serious  disadvantage 
and,  aside  from  a certain  amount  of  care  required  to  prevent  daamging> 
the  wire  is  quite  satisfactory.  Reeling  in  speed  is  limited  by  the 
strength  of  the  wire  but  at  present  the  wire  is  reeled  in  at  300  feet 
per  ninute  by  a 1/2  borsopower  motwr  with  a frictional  drag  due  to 
several  thousand  feet  of  wire  and  the  hydroidione  assenbly. 

To  the  left  of  Figure  1 is  the  hydrophone  assembly.  The  hydrophone 
itself  is  a barium  titanate  cylinder  six  inches  in  diajpneter  and  four 
and  one-half  inches  long,  designed  and  constructed  by  the  NRL  Transducer 
Branch.  It  is  designed  to  cover  the  frequency  range  of  1 to  l«0d0  epa 
with  a usable  response  at  7 XC  for  a reason  to  be  discussed  later. 

The  designed  open  circuit  voltage  sensitivity  is  -80  db  re  1 volt  for 
a sotBd  field  of  one  sdlcrobar  and  the  design  capacity  ia  about  ,024 
■dcrofarad.  Complete  calibration  of  the  tsiit  is  pending*  bat  preli- 
aiaAry  calibrations  indicate  a sensitivity  of  -75  db  re  1 volt  // 
nicrobar  and  capacity  .006  mfe^farad. 
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To  compensate  for  the  weight  of  a certain  amount  of  the  cable 
the  hydrophone  assesibly  is  made  a few  poundg  ll^t  of  neutral  buoyancy 
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•o  tKat  the  wire  froe  ship  to  hydropbono  sssims  a eatenarjr  shape* 

Were  it  not  for  differential  drift  between  hydrophone  and  ship«  the 
hydrophone  assenbly  would  assune  a depth  such  that  the  iiei4(ht  of  its 
portion  of  the  slack-idrs  catenary  would  balance  its  positive  huejr- 
ancy  and  the  qrsten  would  becone  aotionless,  with  depth  controlled 
by  the  anont  of  cable  out.  Ih  practice^  however*  the  two  tend  to 
drift  apart  and  more  cable  must  be  paid  out  to  keep  it  slack.  To 
date  only  about  3*000  feet  of  cable  have  been  used  but  plans  call  for 
the  use  of  10*000  feet  or  mere.  This  should  give  satisfactory  acoustic 
samples  of  thirty  minutes*  to  two  hours*  duration  di^)endlng  upon  the 
differential  drift  rate. 

Because  the  hydroidione  has  a negative  buoyancy  in  water  and 
because  associated  preamplifier  and  batteries  likewise  add  some  wei|^* 
the  housing  in  which  the  electronics  are  Installed  was  made  to  have 
enough  buoyancy  to  make  the  whole  assembly  a few  pounds  li|^t  of 
neutral.  A cylindrical  alwinun  housing  was  designed  by  the  Marins 
Equipment  Section  of  the  NGL  Mechanical  Engineering  Division,  the 
housing  is  approocinately  thirtytwo  inches  long  by  nine  inches  outside 
dlaneter*  and  is  mads  of  one>fourth  or  fiwsixtoonths  inch  tubing* 

One  end  is  welded  shut  and  the  hydroidione  and  all  stuffing  glands  sie 
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momtsd  to  the  other  end  whidt  is  removable  along  with  all  of  the 
interior  electronics.  Fignre  2 is  a photograph  of  the  aasonbled  unit 
while  Vi§sar9  3 shows  it  wi^  the  pressure  case  removed.  The  unit  is 
self-powered  by  two  -45  voli|  DA-63  batteries  in  series*  and  four 
six^olt  BA>210  batteries  in  parallel.  Battery  life  is  about  twsn^ 
hours. 
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To  assist  the  hjdrophone  assenbly  in  sinking  rapidljr  to  tho 
desired  san^ling  depth  an  extra  weight  of  about  ten  poends  is  attached. 
This  weight  is  aut(»:)atically  released  at  a pre-set  denth  hjr  a pressure 
actuated  release  inechanism. 

The  electronics  consist  of  several  plug-in  units.  Ibe  preanplificr 
is  a unit  with  28  db  of  voltage  gain  and  an  output  inpedance  of  250  ohms 
The  equivalent  input  noise  spectnm  levels  when  used  with  the  hydro- 
phone are  •Idd  db  at  40  cps  and  -158  db  at  10  KC;  both  values  are  in 
refei'ence  to  a one  volt  input  level. 

The  circuit  is  shown  in  Figure  4.  It  is  a feedback  stabilized 
unit  of  four  stages:  triode  amplifier*  cathode  followek'«  grousded 
emitter  transistor  and  gr>.unded  collector  output.  A 10  olw  resistor 
is  in  series  trlth  the  hydrophone  lead  to  permit  the  insertion  of  a 
calibration  signal  while  the  unit  is  on  deck. 

Another  plug-in  unit  is  a transistor  amplifier  which  works  in 
conjunction  with  a Tibratron  presstnre  gauge  to  give  osclUationSf 
the  frequency  of  which  indicates  hydrophone  depth.  Figure  5 indicates 
the  circuitry  involved.  The  Vibratron  gauge>  made  by  the  Oyron- 
jacksen  Company  of  Los  Angeles>  consists  of  a taut  wins  in  a magnetic 
field.  The  wire  acts  as  a piirallel  resonant  circuit  when  a voltage  is 
applied  to  its  ends.  The  resonant  freqimnpy  is  the  mechanical  resonant 
frequency  of  the  wire>  in  this  case»  around  3 RC.  Pressure  chaise 
in  the  measured  niediun  change  the  tension  on  the  wire  and  hence  the 
resonant  frequency.  The  unit  together  with  the  associated  amplifier 
fotms  an  oscillator*  the  output  of  Whidi  la  Introduced  Into  the 
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Iqrdrophoae  preaaplifier  and  hence  qp  the  twe-condoctor  cable  to  the 
riiip*  The  unit  noasures  0 to  2,000  pal  presatre  eleinK  an  oittput 
which  earlcs  from  3,210  to  2,675  cpaj  this  falls  in  one  of  the  RDB 
recomiendod  telemeterini;  channels. 

Spaces  for  other  plug-ln  units  are  aTallablo  and  likewise  other 
telemeterinc  channels  are  aTsilablc  for  s«qv>orting  data.  A tsupcra- 
ture-indicatinj;  oscillator  is  under  developorntt  and  an  acceleration- 
indicating  oscillator  is  being  considered.  Since  acoustic  data  up  to 
1,030  ops  are  of  pzir-iary  interest,  much  spectrm  remains  above  this 
for  other  data. 

% 

All  cables  leave  the  interior  through  double  wstertii^t  seals. 

A three-conductor  plug  adjacent  to  the  hydrophone  allows  electrical 
calibrations  to  be  made  when  the  unit  is  on  deck.  Ihe  wit  is  turned 
on  and  off  titrough  the  use  of  a shorting  plug* 

Since  transistorising  was  helpful  within  the  submerging  hydi^dtone 
assembly  its  use  was  contemplated  for  the  surface  deetronics.  Points 
in  favor  of  transistors  were  freedom  from  60  cps  hun,  decrease  in  sise 
and  weight,  perhaps  an  increase  in  reliability  and  freedom  from  AC 
power  requirements.  This  last  is  of  some  Jjq>ortance  since  a ship's 
normal  pofwer  supply  is  turned  off  during  measurements  to  cut  down 
radiated  sliip  noise.  At  present  a vibration-isolated  AC  generator 

is  required  for  recording  and  monitoring  equipment  and  the  eventual 
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abandoosent  of  even  this  is  contemplate^* 
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For  the  surface  instrwentatlon  the  use  of  several  standardiiiod 
plug-in  units  is  desirable.  I^rbaps  most  iagwrtant  is  a feodbacle* 
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•tabllized  voltage  amplifier  of  40  db  gain  and  a frequency  response 
flat  from  1 cps  to  above  10  KC.  Input  impedance  is  60,000  ehsMi  and 
output  impedance  is  3,500  ohnui.  Since  tiie  unit  nonsallj  works  fresi 
a six-volt  battery,  the  output  voltage  is  kept  below  the  ene-volt 
I0<S  level  to  minimise  distortion.  Another  plug-in  unit  is  a grounded 
collector  unit  idiich  gives  essentially  unity  voltage  gain  but  an 
impedance  reduction  by  a factor  of  about  ten.  Still  another  plug-in  tmit 
is  a 7.2  KoO.  oscillator.  Ibis  unit  uses  a point-contaet  transistor 
satisfactorily  although  the  unit  may  be  redesignod  for  the  more  depen- 
dable Junction  transistor.  Figure  6 indicates  circuitry  of  titese 
plug-in  units.  Ibese  units  do  ndt  necessarily  indicate  optimum  design 
but  tb^do  work  satisfactorily. 

Another  look  at  Figure  1 indicates  that  the  sigiuil  transmitted 
up  the  cable  contains  both  acoustic  inforoatlMi  and  auxiliary  data 
on  hydrophoite  dqith,  etc.  Onboard  ship  the  sign^'l  is  conveyed  into 
separate  channels.  All  of  the  frequencies  present  are  fed  to  a 
variable  50  db  attenuator,  thence  through  plug-in  amplifiers  to 
monitoring  and  recording  ctuinnels.  At  present  the  recording  is  done 
on  ttro  magnetic  tape  units.  The  prL.  ary  recorder  is  a factory- 
modified  Ampex,  model  S-3462,  idiich  has  a recording  frequency  response 
good  from  10  cps  to  7,500  cps  wlien  recorded  at  3-3/4  ips  and  played 
back  at  7-1/2  ips.  The  other  recorder  is  a direct  recording  Stancil- 
Hofflsan,  model  R4-LS,  witich  has  a record  speed  of  .2  ips  and  when 
played  back  at  7-1/2  ips  will  reproduce  recorded  frequencies  from 


Still  reforring  to  Figure  1 it  is  noted  that  the  high  frequency 
Infomation  is  fed  into  amplifiers  and  thence  to  telemetering  band-’ 
pass  filters.  The  coupling  condensers  shown  are  of  sudt  values  that 
low  frequencies  aire  much  attenuated.  An  electronic  frequency  noter 
applied  to  the  filter  outvnics  will  indicate  hydrofdtone  depth  or  other 
telemetering  quantities.  Ihe  bottmo  band-pass  filter  feeds  the  stylus 
of  a chemical  range  recorder  through  a 40  db  amplifier.  Ihe  keying 
circuit  of  this  recorder  keys  ^e  7.2  KC  oscillator  whose  output  Is 
amplified  and  drives  a small  barium  titanate  transducer.  These  pings 
are  picked  tip  by  tlie  remote  acoustic  hydrophone  and  sent  u’>  the  cable 
to  tho  range  recorder*  thus  giving  slant  range  from  ship  to  hydrophone 
This  infonnation  is  desirable  in  the  proper  control  of  the  hydrophone 
and  titc  interpretation  of  the  data. 

The  instrimentation  described  here  is  only  part  of  the  instnanen- 
tation  actually  used  at  sea.  Additional  supporting  instruBentattoo 
includes  a recording  anenumteter  and  a continuously  running  recorder 
indicating  noise  levels  as  measured  on  an  A^'/PQM-1A  noise  measuring 
set. 


RESULTS 

The  system  has  been  taken  to  sea  on  a nunber  of  one-day  trips 
into  areas  which  have  not  been  free  from  effects  of  nearby  shipping. 
The  and) lent  noise  levels  measured  in  the  region  of  100  to  1*000  cps 
compare  with  results  obtained  earlier  with  other  equipment  In  waters 
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exhibiting  similar  traffic  noise*  No  measiireinents  of  true  sea  noise 
have  yet  been  made. 

t-TJTUKK  PLANS 

Cruises  of  approximately  tw  \«eeks'  duration,  each,  are  planned 
about  once  a quarter  for  the  next  eighteen  months.  The  first  cruise 
is  scheduled  for  the  M.V.  STRf\NGl^  starting  20  September  1955. 

Equipment  changes  will  be  made  as  desirable  and  as  tine  permits. 
Efforts  are  continually  being  made  to  decrease  the  bulk  and  wei^t 
of  the  equipment  and  peihaps  to  make  it  all  battery-powered.  The 
present  transistor  circuitry  is  still  experimental  but  promising. 

If  small  battery-powered  equipment  is  attained,  it  will  permit  opera- 
tion ease  not  now  possessed*  Operation  from  snail  boats  or  perhaps 
hovering  helicopters  or  a portable  set-up  on  an  ice  floe  may  then  be 
feasible. 

It  is  believed  that  some  of  the  instrumentatiem  used  here  may 
find  use  in  other  projects*  In  particular  the  lightweight  cable  and 
handcarried  winch  along  with  the  neutral  instrumoit  canister  permit 
operation  on  any  ship.  The  old  problem  of  cablo  not  strong  enough 
to  support  its  own  weight  is  avoided  and  equipment  even  light  enough 
for  a scientist  to  handle  may  sometimes  be  achieved. 
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F*9wr«  2.  Hydfoyfcow  wiili  *ifikiii9  weight  «tt«che4. 
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